Abstract-This paper presents the dynamic behaviour modelling of a horizontal triangular platform, used as the sensing part of a microforce sensor. This sensor is based on a magnetic and a buoyancy principle. A particular configuration used to obtain a linear model is presented. This linear model will be essential for the futur control of the system, in order to achieve force measurement without displacement of the platform. The determination of the platform position and orientation in the horizontal plane is done thanks to three laser range sensors. Sensors configuration provide a linear transformation between the three measured ranges and the position and orientation of the platform. Finally, an open loop result comparison is done between the linear state model and a more complex 3D non linear model.
I. Introduction
Manipulation with force control is an emerging area that appears certain to become an important component in microsystems technology. Pure position control is sometimes not suitable to ensure successful operation and prevent damage to the manipulated micro objects. Force control is often needed in order to achieve better manipulation results [1] . Moreover, in some specific applications like biological cells characterization, obtaining force information is a main objective [2] [3]. This paper presents the 2D modelling of a floating triangular platform which is the sensing part of a new magnetic nano and microforce sensor for a large field of aplications (force identification, stiffness characterization, micro-assembly with force control,. . . ). The platform on which the object to be handled or characterized is locked, presents a naturally stable six degrees of freedom equilibrium position using the combination of upthrust buoyancy and magnetic forces. The magnetic stiffness is typically between 10 nN/m and 50 nN/m. This paper presents the differential equations which govern the platform. In order to simplify these equations and to obtain a 2D linear model, a particular configuration of the magnetic and sensing parts have been studied. The 2D model is essential for the control of the system in order to achieve forces measurement without displacement of the platform. In this paper a way to calculate the platform position using the combination of three laser range sensors is also presented. 
II. Force measurement principle
Forces sensing is strongly related to the measurement of a rigid microstructure displacement or the deformation of an elastic structure [4] . The applied force is directly calculated using the structure stiffness which is established after calibration. Generally, calibration is a problem for micro and nano force sensors because of the lack of standard forces at this scale. Thus, calibration must be performed using indirect approaches.
The dry friction is the major problem for this measurement approach. Generally, micro and nano force sensors use elastic micro structures like micro beam to avoid dry friction [1] . Another way to avoid friction problem, is the use of levitation methods. In this case the absence of friction associated with a low stiffness makes the sensor highly sensitive. The only problem is that passive levitation is unstable. This result was shown theoretically for electrostatic case by Earnshaw in 1841 [5] . Attractive forces like magnetic forces coupled with repulsive forces like diamagnetic forces are needed to achieve passive levitation. A passive micro and nano force sensor using magnetic and diamagnetic forces was presented in [6] .
In the new sensor presented here a special attention has also been devoted to the magnetic levitation approach. We decided also to use a floating principle rather than diamagnetic forces in order to stabilize the passive magnetic levitation. This principle allows to suppress the weight limitation of the levitating part (see figure 1) . 
